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(54) MANUFACTURE OF SEMICONDUCTOR DEVICE 

(57)Abstract: 

PURPOSE: To obtain a semiconductor device having small contact resistance 
and high reliability even when it is microscopically formed by a method 
wherein a first conductive layer is selectively buried in a contact hole which is 
deeper in the amount corresponding to the difference of depth, and then a 
second conductive layer is buried in each contact hole in the same process. 
CONSTITUTION: A plurality of contact holes HI and H2, having different 
depths, are formed on a semiconductor substrate 1 , and a first conductive 
layer (titanium silicide layer) 5 is selectively buried in the deeper contact hole 
HI using the condition having selectivity against the base layer exposed to the 
contact holes HI and H2. Subsequently, a second conductive layer (tungsten 6 
is buried in the contact holes HI and H2 in the same process. As a result, the 
above-mentioned layers can flatly be buried in the contact hole of different 
depths, and a semiconductor device, having small wiring resistance and high 
reliability, can be obtained. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to a semiconductor device and its manufacture method, and relates to the embedding 

and the selective growth of a contact hole especially. 

[0002] 

[Description of the Prior Art] The area of the connection for making [ which is progressing steadily ] connection with a gate 
electrode, and a source drain diffusion layer and metal wiring with high integration of a semiconductor device in recent years, as 
for detailed-izing of a circuit is very small. 

[0003] Consequently, since the aspect ratio of a contact hole becomes large, the step coverage of a wiring film becomes bad and 
the problem that resistance increases by the bird clapper thinly in the portion of a level difference arises. 
[0004] As a method of solving this, a tungsten etc. is alternatively embedded by C VD in a contact hole, and the method of 
forming wiring films, such as aluminum, next is proposed. By taking such a method, in order that the step coverage of a wiring 
film may become good and resistance may decrease, it is very advantageous to improvement m a performance of a semiconductor. 

[0005] However, when embedding a tungsten etc. alternatively in the contact hole from which the depth differs, in the case of a 
shallow contact hole, a tungsten etc. overflows and it becomes the structure where it is not completely buried with a deep contact 
hole on the other hand. 

[0006] For example, drawing 4 (a) The contact hole HI formed in the wrap layer insulation film 22 in silicon-substrate 1 front 
face so that it might be shown, and H2 When embedding, Deep contact hole HI in contact with the dimision layer 1 1 formed in 
substrate 1 front face If it doubles and embedding of the tungsten layer 6 is performed Shallow contact hole H2 in contact with 
wiring of the word line which consists of the polycrystal silicon film 3 and the molybdenum silicide film 4 on the isolation film 2 
It becomes the configuration where the tungsten layer overflowed out of the contact hole then. For this reason, flattening 
processes, such as etchback, are needed. 

[0007] Moreover, drawing 4 (b) Shallow contact hole H2 which contacts wiring of the word line which consists of the polycrystal 
silicon film 3 and the molybdenum silicide film 4 on the isolation film 2 so that it may be shown If it doubles and embedding of 
the tungsten layer 6 is performed deep contact hole HI in contact with the diffusion layer 1 1 formed in substrate 1 front face **** 
- since it is not buried completely, the step coverage of the wiring layer formed in this upper layer becomes bad, and there is a 
problem that wiring resistance increases or electromigration becomes easy to happen 
[0008] 

[Problem(s) to be Solved by the Invention] Thus, when the contact hole from which the depth differs was embedded, even if 
doubled with any, un-arranging arose in one side, wiring resistance was increased and there were problems - electromigration 
becomes easy to happen. 

[0009] moreover, two or more conductors — even if a patterning process will be needed and the number of processes will 

increase, in order to have to form a mask in a non- growing up field, if it is going to perform thin film growth only to a certain field 

alternatively when exposed of the field, and also it faces detailed-ization, it has been a very serious problem 

[0010] this invention was made in view of the aforementioned actual condition, and even if it faces detailed-ization, it aims at 

contact resistance offering a reliable semiconductor device small enough easily. 

[0011] 

[Means for Solving the Problem] Then, two or more contact holes from which the depth differs are formed on a semiconductor 
substrate, and only the part equivalent to the difference of the depth embeds the 1 st conductor layer alternatively at the contact 
hole of the deeper one, and it is made to embed the 2nd conductor layer at the same process after this in the 1 st of this invention at 
each contact hole using the conditions which have selectivity to the ground layer exposed in a contact hole. 
[001 2] Moreover, an oxide is formed in a front face so that the contact hole of the one shallower than the contact hole of the 
deeper one on the ground layer front face exposed in the contact hole from which the depth differs may become thick, a front face 
is lightly **********_d so that it may be exposed of the ground layer under the contact hole of the deeper one, and it is made to 
make this ground layer expose alternatively in the 2nd of this invention. 
[0013] 

[Function] According to the 1 st of this invention, the conditions which have selectivity to the ground layer exposed in a contact 
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hole are used. Since it is made to embed the remainder at the same process after only the part equivalent to the difference of the 
depth embeds the 1 st conductor layer alternatively at the contact hole of the deeper one and makes the depth almost equal, Flat 
embedding can be performed also to the contact hole from which the depth differs, and wiring resistance can obtain a small 
reliable semiconductor device. 

[0014] if immersed in the mixed liquor of hydrogen peroxide solution and a sulfuric acid — silicon — since combination is weak 
as compared with the silicon atom in a silicon substrate, the surplus silicon atom in rich molybdenum silicide or tungsten silicide 
oxidizes easily, it discovers that the oxide film on a metal silicide film can be formed more thickly than the oxide film on a silicon 
substrate, and is made paying attention to this 

[0015] That is, after a silicon field and a metal ****** field are immersed in the mixed liquor of hydrogen peroxide solution and 
a sulfuric acid in the semiconductor substrate intermingled and exposed and form a thick oxide film in a metal ****** field 
alternatively, a front face is lightly ********** e d so that it may be exposed of a silicon field, and a difference can be easily 
formed in a surface state, without passing through the patterning process using the mask. Therefore, a conductor layer can be 
easily formed with sufficient selectivity only on a silicon field by selection CVD. 

[0016] In addition, if this method is applied to the 1st invention, it will become possible to perform embedding of the contact hole 
from which the depth differs easily. 

[0017] Moreover, although it said that the depth of two or more contact holes is made almost equal by the embedding of the 1 st 
conductor layer, if the difference of the depth is small, it is especially **0.2 micrometers satisfactory. It is desirable in it being the 
following. 
[0018] 

[Example] Hereafter, it explains in detail, referring to a drawing about the example of this invention. 
[0019] Drawing 1 (a) Or (d) It is the cross section showing the manufacturing process of the semiconductor device of this 
invention example. First, after forming the field oxide film 2 in n type silicon substrate 1 , wiring of the polycide structure which 
consists of a polycrystal silicon film 3 and a molybdenum silicide film 4 in the separated field is begun, and after forming an 
element field, such as forming p type diffusion layer 1 1, a silicon-oxide film is formed in this upper layer as a layer insulation film 
22. And deep contact hole HI which contacts this layer insulation film 22 by the photolithography at p type diffusion layer 1 1 
Shallow contact hole H2 in contact with wiring It forms and this is immersed for 20 minutes into the processing liquid which 
mixed hydrogen peroxide solution and the sulfuric acid at a rate of 1 : 3. At this time, an oxide film s is formed in molybdenum 
silicide film 4 front face rather than p type diffusion layer 1 1 front face, respectively. Here, the oxide film s of molybdenum 
silicide film 4 front face is formed more thickly than the oxide film s of p type diffusion layer 1 1 front face. This is for the surplus 
silicon atom in molybdenum silicide oxidizing easily, since combination is weak as compared with the silicon atom in a silicon 
substrate, the contact hole HI deep here - 0.8 micrometers a path - a depth of 1 .5 micrometers Shallow contact hole H2 0.8 
micrometers a path - a depth of 0.8 micrometers it was (drawing 1 (a)) . 

[0020] Then, fluorine F2 By used reactive ion etching (RJE) (O.OSTorr, 50W), etching is performed for 15 seconds under a room 
temperature, a temperature up is further carried out to 350 degrees C using a lamp heater, a carbon monoxide is introduced for 
600 seconds by 0.05Torr(s), and the fluorine which stuck to the wafer is removed. This process removes completely the 
silicon-oxide film s in a deep contact hole, and p type diffusion layer 1 1 front face is made to expose. At this time, it is the shallow 
contact hole H2. It is covered by the silicon-oxide film s ( drawing 1 (b)). Next, the temperature up of the wafer is earned out to 
600-800 degrees C using a susceptor heater, and it is SiH4. 20sccm(s) and TiC14 It introduces for 400 seconds on condition that 
lsccm, and is 0.7 micrometers of thickness alternatively only to the contact hole on a diffusion layer 1 1 . TiSi2 A film 5 is formed 
( drawing 1 (c)). At this time, it is TiC14. It replaces with and is 100-500 micrometers to Ti board. HC1 gas is passed one to 5 
seem, heating at a heater what made fibrous Ti mesh or Ti which prepared the hole of a path at 700-900 degrees C. TiCl, TiC12, 
and TiC13 etc. - the method of introducing unsaturation molecule gas - effective - more - high selectivity - having - low TiSi2 
of the level of chlorine It becomes possible to form a film. 

[0021] Furthermore, chlorination boron BC13 By used reactive ion etching (RIE) (0.05Torr, SOW) Perform etching for 100 
seconds under a room temperature, and etching removal of the silicon-oxide film s of molybdenum silicide film 4 front face is 
carried out. A temperature up is carried out to 250 degrees C using a susceptor heater after this, and it is WF6. 10sccm(s) and 
SiH4 It introduces on condition that 7sccm(s). by selection CVD TiSi2 on a diffusion layer 11 On a film 5 and molybdenum 
silicide 4, it is 0.8 micrometers. The grade W film 6 is deposited, lamp annealing is performed after this, and the adhesion of the 
W film 6 is raised (drawing 1 (d)). And aluminum wiring is formed (not shown). 

[0022] Thus, the formed semiconductor device is drawing 1 (d). Since the contact hole is completely embedded so that it may be 
shown, the step coverage of wiring is very good, and it serves as a reliable object, without wiring resistance increasing. 
[0023] Moreover, TiSi2 In order to measure the relation between membranous thickness and contact resistance, for other 
conditions, the depth of each contact hole etc. is TiSi2 completely like the aforementioned example. Change of the contact 
resistance when changing only membranous thickness is shown in drawing 2 . A horizontal axis is TiSi2 here. Membranous 
thickness and a vertical axis shall show contact resistance. In a white round head, in the contact to p type diffusion layer, a black 
dot shows the case of the contact to n type diffusion layer. 

[0024] Consequently, TiSi<SUB>2 Membranous thickness is 0.5 micrometers. A level difference with the following, i.e., W film 
6 front face, and layer insulation film 22 front face - 0.2 micrometers When it is the following, it is drawing 3 (a). The rise of 
contact resistance is remarkable so that it may be shown. This is considered to be because for the step coverage of the aluminum 
wiring 7 within a contact hole to be bad. 
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[0025] Moreover, TiSi2 Membranous thickness is 0.9 micrometers. The level difference of the above, i.e., W film front face and a 

substrate front face, is 0.2 micrometers. When it is above, it is drawing 3 (b). It thinks that it is because the step coverage of the 

aluminum wiring 7 is bad around the W film 6 with which it overflowed from the contact hole so that it may be shown, and is 
******** 

[0026] This result to a level difference is **0.2 micrometers. When it is the following, it turns out that the low semiconductor 
device of contact resistance can be obtained. Therefore, TiSi2 which was embedded at the deep contact hole in the case of the 
contact hole which has three or more kinds of different depth The membranous upper surface and TiSi2 The difference of the 
depth at the shallow base of a contact hole where a film is not embedded is 0.2 micrometers. When it is the following, increase of 
wiring resistance can be suppressed. 

[0027] Thus, since the shape of a flush type of W becomes flat by using the method of this invention and the flattening process by 
etchback etc. becomes unnecessary, simplification of a process can be achieved. 
[0028] In addition, this invention is not limited to the example mentioned above. 

[0029] In the aforementioned example, although titanium silicide was used as metal you may use other silicide, for 

example, nickel silicide, cobalt silicide, etc. Nickel silicide is a nickel carbonyl 0.05sccm(s) and SiH4 It is 0.7 micrometers by 
introducing for 1800 seconds 400 degrees C on condition that 10sccm(s). It can form. Moreover, a cobalt carbonyl is made to 
sublimate and cobalt is O.Olsccm(s) and SiH4. It is 0.7 micrometers by introducing for 1 800 seconds 400 degrees C on condition 
that 10sccm(s). It can form. 

[0030] Moreover, in the aforementioned example, although the selective growth between a silicon front face and a metal ****** 
front face was used, without being limited to this, from the difference of the oxidation rate between a polycrystal silicon film and a 
single-crystal-silicon film, it is made for the rate of sedimentation of an oxide film to change, and it enables it to use the 
selective-growth nature between these, and the selectivity on a metal membrane and the front face of silicon etc. can deform 
suitably. 

[003 1] Furthermore, in the aforementioned example, as it has selectivity on the occasion of formation of the 1 st conductor layer, 
as long as it is the method of changing the surface state of the front face exposed in a contact hole, you may use other methods. 
[0032] For example, in the above-mentioned example, you may use the following method as a method of forming the oxide film s 
from which thickness differs. That is, you may use the method of performing short-time heat treatment for 1 5 minutes at 200 or 
the temperature of 300 degrees C in the oxygen atmosphere of 0.5 or less Torr of pressures, and forming an oxide film in a 
silicide front face more thickly than a silicon front face. 

[0033] In addition, [0034] which can transform variously and can be carried out in the range which does not deviate from the 
summary of this invention . 

[Effect of the Invention] Since only the part equivalent to the difference of the depth embeds the 1 st conductor layer alternatively 
at the contact hole of the deeper one and it is made to embed the remainder at the same process using the conditions which have 
selectivity to the ground layer exposed in a contact hole according to this invention as explained above, flat embedding can be 
performed also to the contact hole from which the depth differs, and wiring resistance can obtain a small reliable semiconductor 
device. 
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